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Claims 

1 . An optical waveguide for outputUng light of a suj^stantially single 
predetem^ined wavelength, the optical waveguide comprising a light conducting 
medium (2) defining a longitudinally extending optic^ patti (15) for guiding the light, 
the optical path (15) extending longitudinally between respective spaced apart first 
and second ends (8,9), and a means (20,21) for^using partial longitudinal 
reflections of the light along tiie optical path (15) at at least two spaced apart partial 
reflecting locations (20) along the optical pathr [15) for deriving light of tine 
predetermined wavelength, characterised inr that the means (20,21) for causing the 
partial reflections locates the reflecting lo^tions (20) along the optical patii (15) at 
distances from the first end (8) along the optical patii (15) which are functions of the 
effective optical length of the optical p^ (15) taking account of alteration to the 
actajal length of the optical path (15)/esulting from the affect of tiie means (20,21) 
for causing the partial reflections op the actual length of the optical path (15). 



2. An optical waveguide ai 
means (20,21) for causing tii 
reflecting locations (20) compnsi 
tiie effective refractive ind^ic of 
passing along the optical 
(20) for causing the pai 



claii 



d in Claim 1 or 2 characterised in that the 
I reflections of the light at tiie at least two 
refractive index altering means (21) for altering 
dcting medium (2) presented to light 
of the at least two reflecting locations 




3. An optical waveguide as claimed in Claim 2 characterised in that the length of 
each reflecting location (20) in the longitudinal direction of the optical path (15) is 
25 relatively short. 
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4. An opticial waveguide as claimed in Claim 2 or 3 characterised in that tiie 
length of each^reflecting location (20) in tiie longitudinal direction of tiie optical path 
is in the range of 0.3 microns to 200 microns. 



5. 




optical waveguide as claimed in Claim 4 characterised in that the length of 



each reflecting location (20) in the longitudinal dir ction of the optical path is in the 
ilf 1 micron to 4 microns. 



range 1 
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6. An optical waveguide as claimed in any of Claims 3 to 5 characterised in that 
the respective lengths of the reflecting locations (20) along tt^e optical path may be 
the same or different. 

7. An optical waveguide as claimed in any of ClainiS 3 to 6 characterised in that 
the effective refractive indices of the respective reflecting locations (20) may be the 
same or different. 

8. An optical waveguide as claimed in any of Claims 2 to 7 characterised in that 
the distance of each reflecting location (20) from flie first end (8) along the optical 
path is a function of the product of tiie actual Jength of tiie optical path (15) and the 
actual refractive index of the light conducting medium (2) defining tirie optical path, 
less the sum of the products of the lengths of tiie reflecting locations (20) and the 
differences between respective effectiverefractive indices of the reflecting locations 
(20) and tiie actual refractive index of ^e light conducting medium defining the 
optical path (15). 




9. 



An optical waveguide as claimed in an^ 



Claims 2 to 8 characterised in that 
m tiie first end along the optica! path 



20 the distance of each reflecting l^ca^< 

is a function of ttie sum of the producte of tiie lengths of the reflecting locations (20) 
intervening between the first end (8) and tiiat reflecting location (20) and the 
differences between respective effective refractive indices of tiie reflecting locations 
and the actual refractive ipdex of the light conducting medium defining the optical 
25 path. 
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1 0. An optical waveguide as claimed in any of Claims 2 to 9 characterised in that 
tiie distance of eacir reflecting location (20) from the first end (8) along tiie optical 
path (15) is a function of the product of half tiie length of that reflecting location and 
the difference between its effective reflractive index and the actual refractive index of 
tiie light conducting medium defining the optical path. 



11. An optical waveguide as claimed in any of Claims 2 to 10 characterised in 
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that the distance of each reflecting location from the first end (8) along ttie optical 
path (15) is a function of the actual refractive index of thfr light conducting mediunr^ 
(2) defining the light path (15). 



5 12. An optical waveguide as claimed in any of^laims 2 to 1 1 characterised in 
that the distance of the p^ reflecting location (20^om the first end (8) along the 
optical path (1 5) is provided by the formula: / 

X{L<tevicendevice - IliAnJ/^- ^||Ani + ydpAnp 

10 { i /} »=1 

L= T 



lldevice 

where: L is the distance of the p**' re|lecting location from the first end along the 
15 optical path, / 

X is the fraction of the actual optical length at which the element is to be placed, 
Uevice is the actual length of the optical path, 

Odeviceis the average refractiv^ index of the light conducting layers of the unperturbed 
light conducting medium o^m^ optical path presented to the light, 
20 li is the length of the i**^^^^ctl|g location in the direction of the optical path, 

Ani is the difference l^etweeiwie effective refiractive index of the i*^ partial reflecting 
location and the averag^ rCTractive index of the unperturbed optical path, 



Ip is the length of thkpNBflecUnglocati in the direction of the optical path, and 
Anp is the differenp b^ effective refractive index of the p^ partial reflecting 

25 location and the average refractive index of the optical path. 



1 3. An op^cal waveguide as claimed in any of Claims 2 to 12 characterised in 
that the refractive index altering means (21) comprises a plurality of refractive index 
altering elements (20) one refiractive index altering element being provided for each 
30 reflecting/location, the respective refractive index altering elements being located 
distances from the first end along the optical path similar to tine distances from the 
first encl of the corresponding reflecting location. 

^aJ An optical waveguide as claimed in Claim 13 characterised in that each 
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refractive index altering element (21) is located spaced apafi from an active region 
within which the optical path is defined. 

15. An optical waveguide as claimed in Claim 13 of 14 characterised in that each 
5 refractive index altering element (21 ) is provided by ^ refractive index altering groove 

(21 ) formed in a medium adjacent the light conducting medium but spaced apart 
therefrom. 

16. An optical waveguide as claimed in Craim 15 characterised in that tiie depth 
10 of the refractive index altering grooves (21 /may be ttie same or different 

17. An optical waveguide as claimed in any of Claims 14 to 16 characterised in 
Uiat each refractive index altering elejtient (20) extends substantially ti-ansversely 
relative to the optical path (15). 

15 

18. An optical waveguide a^^med in any of Claims 2 to 12 characterised in 
that flie respective reflecting^cations (20) are formed by a dopant. 

/ / // 

19. An optical waveguide ajfda'med in^fiy of Claims 2 to 18 characterised in 

20 that the distance from/the/fira^ alm^e optical patti to each reflecting location is 



25 




measured to the cenfre orthe retedting location. 



20. An optical waveguide as claimed In any preceding claim characterised in that 
the optical wavegu|c^e is a waveguide for laser light 

21 . An optical waveguide as claimed in any preceding claim characterised in that 
the waveguide^fe a semiconductor laser light generating device. 

22. An optical waveguide as claimed in any preceding claim characterised in that 
30 the optical waveguide Is a passive semiconductor waveguide. 

23. Ari optical waveguide as claimed in Claim 21 or 22 characterised in ttiat a 
ridge (14) is formed on a surface of the semiconductor laser waveguide for defining 
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the optical path through the light conducting medium. 

24. An optical waveguide as claimed in Claim 23 characterised in that the 
refractive index altering elements (21) are located in the rij^e (14) at locations 
corresponding to the reflecting location. 

25. An optical waveguide as claimed in Claim 23 c(r 24 characterised in that the 
refractive index altering elements (21) are located irr the ridge (14) at locations 
directly corresponding to the partial reflecting locacon (20). 

26. An optical waveguide as claimed in any of Claims 20 to 22 characterised in 
that the optical waveguide is a buried hetrosmjcture laser. 



27. An optical waveguide as ciaimecKin any of Claims 2 to 19 characterised in 
15 that the optical waveguide comprises a fibre optic waveguide. 

28. An optical waveguide as c^\me6m any of Claims 2 to 1 9 characterised in 
that the waveguide is a filter comprisip^ an optical fibre core which forms the light 
conducting medium for definincr theJiptical pati\ the optical fibre core being 

20 surrounded by cladding medium/^ (q^^Kidve index different to that of the optical fibre 
core. 



29. An optical waveguide as claimed in Claim 28 characterised in that each 
refiractive index alten/)g element (20) is located in and extends around the cladding 
25 medium. 



30. An optical waveguide as claimed in any preceding daim characterised in that 
the means (2d,21) for causing the partial reflections causes the partial reflections at 
at least threie reflecting locations (20) along the optical path (15). 
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31 . ^ optical waveguide as claimed in any preceding daim characterised in that 
the reflecting locations (20) are provided at respective distances from the first end 
conrespond to the following fractions of the actual length of the optical path, 
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namely. 1/14, 1/7, 3/14, 2/7. 3/7, 4/7 and 5/7 along the optical path. 

32. /\n optical waveguide as claimed in Claim 31 characterised in that the 
respective distances along the optical path from the first end atwhich the reflecting 

5 locations are located which correspond to the fractions of the^clual length of the 
optical path of 1/14. 1/7, 3/14, 2/7, 3/7, 4/7 and 5/7 are 39./ 78.6, 1 1 8.0. 1 57.3. 
235.9, 314.5 and 393.1 microns for a waveguide of actuarlength of 550 microns. 

33. An optical waveguide as claimed in any of Claims 1 to 30 characterised in 
10 tiiat reflecting locations (20) are provided at respertive distances firom the first end 

which correspond to the following fractions of the^aclual length of the optical patti, 

namely, 1/16, 1/8, 3/16, 1/4, 5/16, 3/8, 1/2, 5/8 and 3/4 along the optical patii. 

/ 
// 

34. An optical waveguide as claimed in Claim 33 characterised in tiiat the 

15 respective distances along tiie optical path from tiie first end at which the reflecting 
locations are located which correspond to Infractions of the actual length of the 
optical patii of 1/16, 1/8, 3/16. 1/4, 5/16^8, /1/2, 5/8 and 3/4 are 18,74, 37.55, 
56.36, 75.16. 93.97, 1 12.78, ^50^fy67JJar\(i 225.23 microns for a waveguide of 
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actual length of 300 microns. 



35. AJ^ optical waveguide a^ claimed in any preceding claim comprising a 
plurality of optical waveguides provided in the form of an an^y (50). 



36. An optical waveguide as claimed in Claim 35 characterised in that the 
25 wavelength of the light ^utputted from the respective waveguides of the array may 
be the same or different. 



37. An an^ay of optical waveguides characterised in that tiie respective optical 
waveguides of tti^array are optical waveguides as claimed in any preceding daim. 



38. A method for providing an optical waveguide for outputting light of a 
substantially single predetermined wavelength, the method comprising providing a 
light conducting medium (2) defining a longitudinally extending optical patii (15) for 
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guiding the light, the optical path (15) extending longitudinally between respective 
spaced apart first and second ends (8,9), and providing a means (20,21) for causing 
partial longitudinal reflections of the light along the optical jpath (15) at at least two 
spaced apart partial reflecting locations (20) along the optical path for deriving the 

5 light of the predetemiined wavelength, characterised ir^^hat the means (20.21 ) for 
causing the partial reflections are provided such thayhe reflecting locations (20) are 
at distances from the first end (8) along the optical path (15) which are functions of 
the effective optical length of the optical path (15)/^king account of alteration to tiie 
actual length of the optical path (15) resulting from the affect of the means (20,21) 

10 for causing the partial reflections on the actual length of the optical path (15). 



39. A metiiod as claimed in Claim 38 oiaracterised in tiiat the means (20,21) for 
causing tiie partial reflections of the ligi;)t at the at least two reflecting locations (20) 
is provided by a refractive index altering means (21) for altering the refractive index 
15 of the light conducting medium (2) p'res^ted to light passing along the optical path 
(15) at each of the at least two refle9ting locations (20) for causing tiie partial 
reflections. 
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40. A method as claimed i||^lair|i^9,^Karacterised in that the length of each 
20 reflecting location (20) in tf4 longitudinal direction of the optical path (15) is relatively 
short. 



41 . A method as,claimed in Claim 39 or 40 characterised in that the lengtii of 
each reflecting location (20) in the longitudinal direction of tiie optical path is in the 

25 range of 0.3 miopns to 200 microns. 

/ 

42. A method as claimed in any of Claims 39 to 41 characterised in that the 
respective le^gtiis of the partial reflecting locations along the optical path may be the 
same or different 



43. A method as claimed in any of Claims 39 to 42 characterised in that the 
effective refractive index of th respective reflecting locations may be tiie same or 
difFe^nt. 
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44. A method as claimed In any of Claims 33 to 43 characterised in that the 
distance of each reflecting location (20) from the first ena (8) along the optical path is 
a function of the product of the actual length of the optical path (15) and the actual 
refractive index of the light conducting medium (2) defining the optical path, less the 
sum of the products of the lengths of the reflecting jpcations (20) and the differences 
between respective effective refractive Indices of tiie reflecting locations (20) and the 
actual refractive index of the tight conducting medium defining the optical path (15). 
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45. A method as claimed in any of Claims^40 to 44 characterised in that the 
distance of each reflecting location (20) frorh the first end along the optical path is a 
function of the sum of the products of the.(engths of the reflecting locations (20) 
intervening between the flrst end (8) and that reflecting location (20) and the 
differences between respective effectiye refractive Indices of the reflecting locations 




conducting medium defining the optical 



and the actual refractive index of th 
path. 

46. A method as claimed in(^n^f Claiin§ 40 to 45 characterised in tiiat the 
distance of each reflecting locaQ0n C2(lffrom the flrst end (8) along the optical path 
(1 5) Is a function of the product of half the length of that reflecting location and the 
difference between its effective reflective index and the actual refractive index of the 
light conducting medium defining tiie optical path. 



47. A method as claimed in any of Claims 40 to 46 characterised in tiiat the 
25 distance of each reflecting location from the first end (8) along the optical path (1 5) is 
a function of tiie actupl refractive index of the light conducting medium (2) defining 
tiie light patii (15). / 



48. A method^as claimed in any of Claims 40 to 47 characterised in that the 
30 distance of tiie reflecting location (20) from the first end (8) along the optical path 
(15) is provided by the formula: 
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P-1 

{ i } i=1 

L- 

where: L is the distance of the reflecting location from the first end along the 
optical path, / 

X is the fraction of the actual optical length at which the element is to be placed, 

10 device is the actual length of the optical path, / 

Hdevfceis the average refractive index of the lightxonducting layers of the unperturbed 

light conducting medium of the optical path pj^sented to the light, 

li is the length of the i^ reflecting location in t/ie direction of the optical path, 

Ani is the difference between the effective iCfractive index of the i*^ partial reflecting 

15 location and the average refractive indeWof the optical path, 

Ip is the length of the p^ reflecting location in the direction of the optical path, and 
Anp is the difference between the effective refractive index of the p^ partial reflecting 
location and the average refractive irrabx of the unperturbed optical path. 



20 49. A method as claimed in anjrnf Claims^40 to 48 characterised in that the 
refractive index altering means (^1) comprises a plurality of refractive index altering 



elements (20) one refractive index altering element being provided for each 
reflecting location, tiie respective refractive index altering elements being located 
distances from the first end ^long tiie optical patii simitar to the distances fnDm tiie 
25 first end of tiie corresponding reflecting location. 



50. A method as dainried in Claim 49 characterised in that each refractive index 
altering element (21) is ipcated spaced apart flpom an active region within which the 

optical patii is defined. / 

/ 

li 

51 . A method as claimed in Claim 49 or 50 characterised in that each refractive 
index altering element (21) is provided by a refractive index altering groove (21) 
fonmed in a medium adjacent the light conducting medium but spaced apart 
therefrom. 

/ 

7 
/ 
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52. A method as claimed in Claim 51 characterised in tWat the depth of the 
refractive index altering grooves (21) may be the same OR^ifferent 

5 53. A method as claimed in any of Claims 49 to 52ifcharacterised in that each 
refractive index altering element (20) extending substantially transversely relative to 
the optical path (15). 

54. A method as claimed in any of Claims 40Mto 48 characterised in that the 
10 respective reflecting locations (20) are formedyoy a dopant. 

55. A method as claimed in any of Claims 39 to 53 characterised In that the 
distance from the first end along the optical path to each reflecting location is 
measured to the cenfre of the reflecting jocation, 

15 

56. A method as claimed in any o/Q|gims 38 to 55 characterised in that the 
optical waveguide is a waveguide fd 

57. A method as claimed in a^^fl^iaims 38 to 56 characterised in that the 
20 waveguide is a semiconductor laser light generating device. 

/ 

58. A method as claimed in any of Claims 38 to 57 characterised in that that the 
optical waveguide is a passiye semiconductor waveguide. 

25 59. A method as clainild in Claim 57 or 58 characterised in that a ridge (14) is 
fomned on a surface of the semiconductor laser waveguide for defining the optical 
path through the light inducting medium. 

60. A method as^^imed in Claim 59 characterised in that the refractive index 
30 altering elements (2^1) are located in the ridge (14) at locations corresponding to the 




reflecting location./ 

ii 

li 

61 . A method as claimed in Claim 59 or 60 characterised in that the refractive 
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index altering elements (21) are located in the ridge (14) locations directly 
con-esponding to the partial reflecting location (20). 

62. A method as claimed in any of Claims 56 to Sfi characterised in that the 
5 optical waveguide is a buried hetrostnjcture laser. 

63. A method as claimed in any of Claims 3a/to 55 characterised in that the 
optical waveguide comprises a fibre optic waveguide. 

10 64. A method as claimed in any of Clairps 39 to 55 characterised in that the 

waveguide is a filter comprising an optical/fibre core which forms the light conducting 
medium for defining the optical path, th^ptical fibre core being surrounded by 
cladding medium of refiractive index different to that of the optical fibre core. 

15 65. A method as claimed in Cla|^ 64 characterised in that each refiractive Index 
altering element (20) is located in^nd extends around the cladding medium. 



66. A method as claimed Jh/ari^ Oainls 38 to 65 characterised in that the 
means (20,21) for causing the p^iigtf^ections causes the partial reflections at at 

20 least three reflecting locations (20) along the optical path (15). 

67. An optical waveg^uide as claimed in any of Claims 38 to 66 characterised in 
that the reflecting locations (20) are provided at respective distances from the first 
end which correspond/{o the following fractions of the actual length of the optical 

25 patii, namely, 1/14^77, 3/14. 2/7, 3/7, 4/7 and 5/7 along the optical patti. 

68. A mettiod as claimed In Claim 67 characterised in tiiat the respective 
distances along the optical patti flrom tiie first end at which the reflecting locations 
are located which correspond to the flractions of tiie actual length of the optical pafli 

30 of 1/14. 1/7, 3/14. 2/7, 3/7. 4/7 and 5/7 are 39.3, 78.6, 1 18.0, 157.3, 235.9, 314.5 
and 393.1 microns for a waveguide of actual lengtii of 550 microns. 



69. 



A mettiod as claimed in any of Claims 38 to 66 characterised in that reflecting 

/ 
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locations (20) are provided at respective distarfces from the first end which 
correspond to the following fractions of the afctual length of the optical path, namely, 
1/16. 1/8. 3/16, 1/4, 5/16. 3/8, 1/2. 5/8 an/ J/4 along the optical path. 
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70. A method as claimed in Claij^ 69 characterised in that the respective 
distances along the optical path fr&m the first end at which the reflecting locations 
are located which correspond to the fractions of the actual length of the optical path 
of 1/16, 1/8, 3/16. 1/4, 5/16y3/8/|l/2, 5/8 and 3/4 are 18.74, 37.55. 56.36, 75.16, 
93.97. 1 12.78, 150.26, 1 87.74/a/jd 225.23 microns for a waveguide of actual length 
of 300 microns. 





71 . A method^s claimed in any of Claims 38 to 65 comprising a plurality of 
optical waveguides provided in the form of an array (50). 



15 72. A method as claimed in Claim 71 characterised in that the wavelength of the 
light outoutted from the respective waveguides of the array may be the same or 
differem. 





